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Summary 
To produce essential oil more efficiently from Lavandula vera D. C. (lavenderう，we developed 
a liquid culture on shoot proliferation. Adventitious buds did not form from organ segments but 
could be induced from callus tissues. The productivity of shoot proliferation from adv巴ntitious
buds was low. A 6-fold increase in shoots was achieved by developing a shoot proliferation 
system from nodal segments cultured on the solid medium. When the nodal segments were 
isolated from plantl日tscultured on the solid medium and cultured on the liquid medium with 1，uM 
of BA， about 10-fold increase in shoots was obtain日d. The amounts of inorganic nutrients in 
medium was examined. All PO" 3-and NH4 + in th巴mediumwere consumed乱fter3 weeks of 
culture. By adding both nutrients to th巴mediumafter 10 days of culture， the proliferation rat日
could be increased to 14-fold. Moreover， aeration of 600 ppm with CO2 at a flow rate of 30 me・
min-1 was further improved shoot proliferation， and resulted in a 24-fold increase of shoots. 
Finally， components of essential oil were analyzed by GC-MS in harvest巴dshoots from liquid 
culture and field-growアnplants. The liquid-cultured shoots produced similar or larger amounts 
of essential oils than did the field-grown plants 









































ラベンダー (Lavαndulavera D. c.)の種子を次亜塩素酸ナトリウム溶液(有効塩素濃度2
%)中に30分間浸、讃して滅菌し，その後滅菌水で充分にすすいだ.この種子を 3%ショ糖を含
むMurashigeとSkoogの培地lり(以下MS培地と略す)に0.3%Ge1rite(Merck， Rahway， NJ， 
U. S. A.)を加えた図形培地に播種し， 16時間の長日条件下 (100μ11101 photons. m-2 • 
sec-1) ，温度25土 20Cで育てた.播種後1から 2カ月の無議の実生あるいは幼植物体を実験材料
に用いた.
2 .器官切片及び培養細胞からの不定芽誘導
子葉， ~.壬軸，葉，茎等の切片を外J植片とした.基本培地としては， 3%ショ糖を添加した MS
がJ場・谷本:ラベンダーの茎葉液体培養による精油生漆 45 
培地を用い，これにベンジルアデニン(BA)，ナフタレン酢酸 (NAA)，各種の polyamine
(Sigma， St.Louis， MO， U. S. A)， Ca2+ ionophore A23187 (Calbiochem-Behring， La J olla， 
CA， U. S. A.)， dibutyryl-cyclic AMP (Sigma)を各種の濃度で添加した.培養は， 16持間
の長日条件下 (100μmolphotons • m-2 • sec1) 温度25土 20Cで行った.培養細胞の場合には，


















培養中に経時的に培地を採取し，主要無機成分 (NH4+， N03 -， K1-， CaヘP043-) の濃度


























子葉， ~壬軸，葉，茎から採取した切片を BA と NAA の組み合わせ， putrescine， sper-
midine， spermine等の polyamine類， Ca2+ ionophore A23187， dibutyryl-cyclic AMP等を
各種の濃度で添加した培地で培養したが，不定芽は誘導できなかった.培養細胞からの不定芽
分化についてのみ， 1μMの BAと0.01μMのNAAを添加した培地で誘導することができた





1、able1 Effects of NAA and BA on adventi-
tious bud induction in Lavandula vera 
callus tissues. 
Cuncentration Cultures with 
(μlVI) adv巴ntitious
NAA BA buds (%) 。 。 。。 0.1 。。 1.0 。。 10.0 。
0.01 。 。。.01 0.1 。
0.01 1.0 22.4 ごと 2.4 
0.01 10.0 。
0.1 1.0 。
The callus tissues were induc巴dfrom leaf discs 
cultured on the lVIS medium containing O.l，ulVI 
BA and 0.1μlVI NAA. Th巴secallus tissues (about 
200mg) were cultur巴d on the lVIS medium 
containing various concentrations of BA and 
NAA. To observe the cultures with adventitious 
buds， atle丘st24 callus tissues for each treatment 
were used. The experiments were repeated 3 
times， and means and st丘ndarderrors w巴recalcu-
lated 
Table 2 Effects of BA and N AA on shoot 
proliferation from Lavandula vera nodal 




NAA BA 。 。 120土 8.8。.0 0.1 190i: 7.6 
0.0 1.0 260i: 10. 2 






The nodal segments of L. venロwerεculturedon 
the MS solid medium with various concentrations 
of BA and N AA for 3 weeks. The fr巴shweight 
of prolif巴ratedshoots were measur日1and expres-
sed as percentage of prolif巴rationrate calculat巴d
on th日 basisof inoculat巴dnodal s巴gm己nts. To 
calculate the proliferation rate， at least 24 seg 
ments for each tr巴atmentwere used. The experi. 
mcnts were repeated 3 times， and mcans and 
standard巴rrorswere calculated. 



















Table 3 Effects of BA and NAA on shoot 
proliferation from Lava幻dulavera nodal 





0.0 。‘ 150土 6.8
0.0 0.1 690土 9.6
0.0 1.0 980土16司4
0.1 0.0 110土 5.4
0.1 0.1 680土10.2
0.1 1.0 740土14.2
1.0 0.0 100士 4.6
1.0 。.1 460土 8.4
1.0 1.0 540こと11.6
The nodal s巴gmentsof L. vera were isolat巴dfrom
plantlets cultured on the MS solid medium， and 
cultured on the MS liquid m吋iumwith various 
conc巴ntrationsof BA and NAA. Air was aerated 
to culture bottle at flow rate of 30m!!' min--1 
After 3 weeks of culture， the fresh weight of 
proliferated shoots were measured and expressed 
as perc巴ntageof proliferation rate calculated on 
the basis of inoculated noclal segments. To calcu-
late th巴proliferationrate， at least 24 segments 
for each treatment were usecl. The experiments 
wer巴repeated3 times， and means and standarcl 









Culture period (weeks) 
Fig. 1 Changes in inorganic ions in liquid cul. 
ture medium. Th巴 nodalsegments of L 
vera were isolated from plantlets culturecl 
on the MS solicl meclium， ancl culturecl on 
the MS liquid meclium containing 1，u M of 
BA with aeration at flow rate of 30me • 
min-1 The medium was filtratεd ancl 
analyzed amounts of inorganic ions such as 
NI-V (A)， K+(圏)， NO" (8)， Ca2+(O) 
ancl P043-(口).Each m巴asurementwas 
repeated 3 times， and means ancl stanclard 




















Table 4 Effects of aclditio!1 (]f nutrients on 
shoot proli f日rationfro11 Lavandula ue灯t





Proliferatio!1 rate (%) 
990土1:").8
1.420:t18.3 
1、henoclal segm日ntsof L. 1)ωα"¥.verεisolatecl fr勾om
plantlets cultm巴d01 the ]¥I[S solicl medium. ancl 
culturecl 01 the MS liquid meclium with lflM of 
BA. Air ¥Yas a日rateclto culture botU日 atflow 
T旦t白of30mQ ， min- After 10 clays of culture， 165 
mg of NH，N03 anc!17 rng of KH，P(J， were aclcl巴d
to the lOOmQ medium. Aftεr 3 weeks of culture， 
the fresh weight of proliferatecl shoo¥s were 
measurec1 ancl e:-;pr色おS巴c1as perc巴nt日geof prolif-
eration rate calcula(ec1 01 the basis of inoculatec1 
nodal segments. To calcul乱t巴 theproliferation 
rat巴， at least 2，j segments f()r each tr巴atm巴nt
were usec1. Tbe experiments were repe日t巴d:i
times守 anclm日ansancl stanclarcl errors wer日calcu
latecl 
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Flow rate (ml・mln田1)
Fig同 2 Effects of air flow r旦teson shoot prolif-
eration from Lavandula vera nodal seg-
ments cultured on th巴liquidmedium. The 
nodal segments of L 日rawere isolated 
from plantlets cultured on the MS solid 
medium， and cultured on the MS liquid 
m巴diumcontaining 1J1M of BA with aera 
tion of air at various flow rates. After 10 
days of culture， 165 mg of NH4N03 and 
17mg of KH2PO， were added to the 100mQ 
medium. To calculat己 th巴 proliferation
rate， at least 24 segments for each treat 
m巴ntwere used. The experiments w巴re
repeated 3 times， and means and standard 





ムの結果 (Fig.4)から，かなり多数の成分が検 512 
出された.これらの主要成分の同定を行ったと 510 
コ
" 8 ころ，最も多い成分は T-cadinolであり，その
イ也には， caryophyllene oxide， tetracosane， 
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Fig. 3 Effects of CO2 concentration on shoot 
proliferation from Lavanduよavera nodal 
segments cultured on the liquid medium. 
The nodal s巴gm巴ntsof L. vera were iso. 
lated from plantlets cultured on the MS 
solid medium， and cultured on the MS 
liquid m吋iumcontaining 1μM of BA with 
a巴rationof various concentratiol1s of CO2 
at flow rate of 30mQ • min- 1• After 10 days 
of culture， 165 mg of NH4N03 and 17 mg of 
KH2P04 were add巴dto the 100mQ medium. 
To calcu!ate the prolif巴rationrate， atleast 
24 segments for each treatment were used 
Th巴experimentswere repeated 3 tim巴s，and




















Fig. 4 Gas chromatogram of volatiles in shoots 
from Lava日dulavera nodal segments cul-
tured on th己 liquidmedium. The nodal 
segments of L 悦 rawere isolated from 
plantlets cultured on the MS solid medium， 
and cultured 01 th巴 MSliquid medium 
containing 1J1M of BA with aeration of 600 
ppm of CO2 at flow rate of 30mQ・min-1
After 10 days of culture， 165mg of NH4N03 
and 17mg of KH，PO， wer巴addedto the 100 
mQ medium. Essential oils wer巴 analyzed
by gas chromatogram in cultured shoots. 
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Table 5 Detected compounds in shoots from liquid--cultured and 
fielc1…grown 1'lants 


































0.37 0.40 。.50 0.46 
1.31 1.23 
0.06 u.08 。15 U .12 
7-methoxy-(2H) -1-b日nzo1'yran…2"one 0.78 0.66 
trIcosane 





The noc1al segm巴ntsof L. vera were isolated from plantlets cultured on th巴
MS solid medium， and culturec1 on the MS liquic1 medium containing 1JlM of 
おAwith aeration of 600 p1'm of CO2 at flow rate of 30mQ • min- 1 • After 10 
c1ays of culture， 165 mg of NH，N03 and 17 mg of KH2PO" were乱ddedto the 
100mi! mec1ium. Essential oils werモanalyアZ日dby GCMS in harvestec1 shoots 
from liquid culture and field-grown plants. 
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